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I

국문초록

AureobasidiumpullulansHP-2001에 의해 생산되는 다양한 분자량의 풀루란

대량 생산 공정에 관한 연구

정 대 영

부경대학교 대학원 해양생물공학협동과정

풀루란 대량생산의 특성을 확인하기 위해 7L,100L,5ton,6

tonair-lift타입의 배양기를 이용하여 최적의 대량생산 공정을 확

립하고 생성되는 풀루란의 배양중에 분자량을 조절하는 연구를 진

행 하였다.

sucrose를 탄소원으로한 최적화된 배지조성으로 7L발효조의 교

반속도를 600 rpm으로 배양했을 경우,72시간에 이르러 최고

60.80g/L의 pullulan을 얻을 수 있었다.또한 Scaleup을 통한 6

tonair-lift타입의 발효기에서는 48.80g/L의 pullulan을 얻었다.

최근에는 저분자화 또는 고분자화하여 생물학적 기능을 이용한

새로운 형태의 다양한 기능성 소재들이 개발되어 제품화 되고 있

으며,각 분자량에 따라 이용도가 달라진다.따라서 본 연구에서
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초기 pH,배양 중 pH 조절,CaCO3와 Ascorbicacid첨가에 의한

배양중 분자량 조절,가수분해 및 기질에 의한 분자량 조절 기술

에 관한 연구를 진행 하였다.풀루란의 분자량의 조절에 있어서

가장 핵심적인 요소는 배양중에 pH 변화를 어떻게 조절하는가와

깊은 관련을 가지고 있다.이에 배양 초기 pH 조절 연구 결과 pH

5-6에서 생산성이 가장 높게 나왔으며 분자량은 800-1,000KDa

풀루란이 생산되는 결과를 보여주었다.여기서 주목할 것은 초기

pH가 낮을수록 고분자의 풀루란이 생산되는 것을 확인할 수 있었

고 반면에 생산성은 감소하는 경향을 나타내었다.따라서 초기 pH

를 6.0으로 고정하고.배양 중 pH를 변화시키는 방법으로 인위적

으로 CaCO3를 첨가하여 조절하였다.그 결과 1,000KDa정도의

고분자 풀루란을 생산할 경우 질소원으로 ISP를 2.5g/L첨가하거

나 CaCO3 0.1g/l을, 500kDa의 풀루란을 생산할 경우 CaCO3

0.5g/l을,300kDa내외의 풀루란을 생산할 경우 CaCO31.0g/l혹은

Ascorbicacid를 혼용하여 사용하는 것이 가장 효과적이었다.또한

배양 중에 발생하는 색소 침착 방지를 위해 ascorbicacid를 첨가

하였으며 1g/L가 가장 효과적임을 확인하였다.

발효 공정 후 분리 정제 과정에서는 균체 및 색소침착이 제거된

순수한 풀루란 생산을 목적으로 한다.이에 여과보조제로 규조토

를 첨가한 배양액을 필터프레스를 이용하여 균체를 제거하고,활

성탄 처리를 통한 탈색,탈취공정을 진행하였다.
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Abstract

Aureobasidium pullulansHP-2001usedinthisstudywas

theUV-inducedmutantofA.pullulansATCC42023.Forthe

productionofpullulanbyAureobasidium pullulansHP-2001,

theculturecharacteristicsofA.pullulansandmassproduction

ofpullulaninbatchfermentationsusing7liter,100liter,5

ton fermenters and 6 ton air-liftfermenter through the

optimization ofthe fermentation process were investigated.

Theoptimalconditionofpullulanfermentationbycontinuous

culturewasevaluated.

The production ofpullulan by Aureobasidium pullulans

HP-2001 was studied using optimized conditions with
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sucrosemedium.Theproductionofpullulanwiththehighest

conversionratewas39.95g/lwhenconcentrationsofsucrose

andyeastextractwere10% and0.25% (w/v),respectivelyThe

averagemolecularweightofpullulanrangedfrom 6.50×103to

5.87×106dependingonthecultureconditions.Thecellsfrom

theculturewithaninitialpH 6.0hadthehighestabilityto

producepullulanamong thecultureswithdifferentinitialpH

values.Agitation speedaffected thedissolved oxygen in the

medium ofa fermenter.High agitation speed increased the

productionofpullulan.Maximalproductionofpullulanwiththe

optimized condition by A.pullulans HP-2001 in a 7 liter

fermenterwas60.80g/lfor72hrculturewith an agitation

speedof600rpm.Ina6tonairliftfermenter,theaerationrate

wasoptimizedto1.0 vvm attheinitialpH of6.0.Dissolved

oxygenwasdecreasedduringthefermentationanddecreasedto

60% after12hroffermentation.Maximalproductionofpullulan

byA.pullulansHP-2001ina6tonfermenter was48.80g/l.

Continuous culture of A. pullulans HP-2001 for the

productionofpullulanwasstudiedina7literfermenter.The

optimal conditions of continuous culture for pullulan

fermentation were determined by theeffects ofcomposition,
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dilution rateand sucroseconcentration offeed solution.The

optimaldilutionratefortheproductionofpullulanwas0.015h-1

and higherdilution rate caused a wash outofcells.The

average molecular weights of pullulans produced by a

continuousfermentationrangedfrom 2.98×105to5.40×105.

Theobjectivesforthisstudywastoevaluatetheoptimal

conditionfortheproductionofpullulanwithspecificmolecular

weightinafermentation.Theportionofhighmolecularweight

ofpullulanincreasedattheearly phaseoftheculture.The

pullulanmolecularweightdecreasedatstationaryphasedueto

theenviromentalfactors.ThepH controlofculturebrothwas

one ofthe mostcriticalenvironmentalparameters affecting

molecularweight.The pullulan production increased by the

increaseofinitialpH from 3to5.However,ahighproportion

ofhigh molecular weightpullulan (M.W 1.64 x 106)was

producedatapH of3.InordertocontrolthepH duringthe

fermentation20g/lto0ofCaCO3 wasadded.Theadditionof

less than 1 g/lof CaCO3 increased the portion of high

molecularweightofpullulanproduction.Ontheotherhand,

Further CaCO3 addition decreased the molecular weight of

pullulan.
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Thehighmolecularweightofthepullulanfermentationwas

influenced notonly CaCO3,ascorbicacid butalso substrate.

Overallthemolecularweightsofpullulanproducedwithisolated

soybean protein (ISP) was 4 times higher than those of

pullulansproducedwithyeastextractasanitrogensource.

Melanin-likepigmentwasproducedwithpullulanproduction,

whichcontaminatesthepullulan.A decolorizationprocessusing

ascorbic acid during fermentation was tried to remove the

pigment.Ascorbicacidplaystheroleofaneffectiveantioxidant

inbiologicalsystems.Theascorbicacidsconcentrationsranged

from 0.0to3g/lwereaddedtoeliminatethecolorizationof

fermentationbroth.Theoptimalconcentrationofascorbicacid

was 1g/l.

A microbial fermentation and recovery process were

developedforlarge-scaleproduction.Downstream processingis

requiredtoobtainpurepullulanfrom thefermentationbrothand

it comprises of cell separation from culture broth after

cultivation and the removalofmelanin pigments produced

duringfermentation.

The optimal process for the concentration process of

pullulanfrom filtratesafterremovingofcellsbyafilterpress
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wascarriedoutbyaceramicmembranewithamolecularcut

offsizeof50kDatoremovematerialsandconcentratepullulan.

AsaFinalprocess,freezedryingwascarriedoutusingthe

filtrate.
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I.INTRODUCTION

1.ProductionofPullulan

Pullulanwhichisalinearα-D-glucanwith‘maltosylunits’

i.e. α-(1→4)Glup-α-(1→4)Glup-α-(1→6)Glup, as a regularly

repeating structural unit, produced extracellularly by

Aureobasidium pullulans.Thus,thepolysaccharideisviewedas

a succession of α-(1→6)-linked (1→4)-α-D-triglucosides i.e.

maltotriose(G3).Duetoitsstrictlylinearstructure,pullulanis

veryvaluableinbasicresearchaswellasawell-definedmodel

substance[1](Table1).Pullulancanform thinfilmswhichare

transparent,colourless,tasteless,odorless,tenacious,resistantto

oiland grease and unaffected by smallthermalvariations.

Besides,thefilmsarealsoimpermeabletooxygen,non-toxic,

biodegradableandedible[2].Itisinsolubleinmanysolvents

includingmethanol,ethanolandacetone,butsolubleinwaterto

form atransparent,colourless,viscousadhesivesolution [3].

Nowadayspullulanhasbeengainingattentionasanexcellent

materialforfood,pharmaceuticalandbiomedicalapplications[4].

Fig.1 represents the fine structure of pullulan which is
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Species Polysaccharide Basicstructure

Leuconostocmesenteroides Dextran (1-6glucose)n

Acetobacterxylinum Cellulose (1-4glucose)n

Alcaligenesfaecalisvar.

myxogenes
Curdlan (1-3glucose)n

Streptococcussalivarius Levan (2-6fructose)n

Azotobactervinelandii Alginate 1-4linkedManAandGulA

Streptococci

(HaemolyticGroupA)
Hyaluronan (-3GluNAc1-4GlcA1-)n

Xanthomonascampestris Xanthan (-4Glc1-4Glc1-4Glc1-)n

Table1.Thestructureofsomebacterialpolysaccharides
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n
: g lucose

a –1,6

a –1 ,4

Fig.1.Chemicalstructureofpullulan
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generally accepted.Thispolysaccharidewascharacterized as

the homopolymer of glucose and termed as pullulan.

Investigatorscalculatedthedegreeofpolymerizationfrom 100

to5,000and thestructureand molecularweightofpullulan

seemedtobepronetovariationbycultivationconditionssuch

as carbon sources,the pH ofthe culture broth and the

concentrationofinorganicnutrients,etc.

The purified pullulan productis obtained in a tasteless,

odorless,whiteandfinepowderbysubjectingtheculturebroth

to a sufficient period of cultivation, cell separation and

precipitationwithsolvent(Fig.2).Typicalstrainsthatproduce

pullulanatarelativelyhighyieldincludePullulariapullulans,

Pullulariafusca,PullulariafermentansandDematium pullulans.

However,thereareseveralundesirablefeaturesassociated

withthefermentationofA.pullulans[5,6].Theseincludethe

formation ofa melanin-like pigment,the inhibitory effects

causedbyhighsugarconcentration,thedeclineinthemolecular

weightofpullulanasfermentationprogressesandthehighcost

associated with pullulan precipitation and recovery. In

polysaccharide fermentations, the utilization of the high

concentrationofsugarswithoutthedecreaseoftheproduction
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rate ofpolysaccharide has some advantages forsaving the

solventusedfortherecoveryofpolysaccharide.

Pullulancanbeusedasafilm,foodcoatingandpacking

agents,foodingredients,adhesivesandfabric.Thecontrolling

ofpullulanmolecularweightisthemostimportanttechnique

duringtheprocessofpullulanproduction.Pullulanproducesa

highviscositysolutionatarelativelylow concentrationandcan

beusedforoxygenimpermeablefilms,thickeningorextending

agents or adhesives [7]. Despite these advantages, the

applicationswereactuallylimiteddueto thelow production

yieldandthelow molecularweightofthepullulan.



-7-

2.UsesandApplicationofPullulan

Currentindustrialinterests concerned with polysaccharide

haveincreased,asithasbecomeaveryinterestingresearch

item for industrial application because polysaccharide is

producedbymicroorganismsthathasvariouskindsoftypeand

functionalcharacteristics.Pullulandissolveseasilyincoldwater

to form a neutral, non-ionic, aqueous solution. Thermal

decompositionofpullulanstartsatcloseto250℃,similarlyto

thecaseofstarch.Becausepullulanisnon-toxictohuman,it

canbeusedasasafefoodingredientoradditive[8].

Microbialbiopolymersareknowntopossessusefulphysical

properties, even then currently only a small number of

biopolymersareproducedcommerciallyonlargescale.A few

fungalEPSshavebeenreportedsofarthatpossessappealing

industrialapplications.Pullulan,awatersolublebiopolymerfrom

A.pullulansisoneofsuchfungalEPSs.Numerousapplications

ofpullulan in food and pharmaceuticals manufacturing have

beenreviewed[2](Table2).
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Properties Foods Effects

Adhesive

strength

Ricecake

Variousfoods

●Strongadhesiveproperty,Improvementof

taste

●Adhesiveness,Bindingcapacity

●Preventionofoxidation,Gloss

Coating

Driedfishand

shellfish

Driedfishes

●Gloss,Preventionofoxidation

Viscosity

Sauce

Hard-boiledfood

Cookies

Saltedvegetables

Seafoods

●Improvementofadhesion,Gloss

●Glossmaintained,Preventionofspilling

Moldability

●Preventionoffragility

●Gloss,Salttolerance,Enzymetolerance

● Gloss,Preventionofdiscoloration

Water

holding

Breads,

Sponge cake

Gum

Frozenfoods

Boiledfishpasta

Noodle

●Moisturizingeffect,Improvementoftaste,

Stabilizationofbubble

●Preventionofdegradation,Improvementof

quality

●Improvementofquality,Preventionofdrip

●Improvementoftaste,Preventionofaging

Preventionofaging

●Improvementofwater-holdingproperty,

●improvementofquality

Table2.Usesandapplicationsofpullulan
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2-1.FoodIndustry

Pullulan providesfew caloriesand istreated asdietary

fiber in rats and humans [9,10] This is because of its

resistancetomammalianamylases.Studiesindicatethatdietary

pullulan functions as prebiotic, promoting the growth of

beneficialbifidobacteria[10,11,12].Pullulanmaybeincorporated

insolidaswellasliquidfoodtoreplacestarch;impartingthe

characteristics to food normally derived from starch as

consistency, dispersibility, moisture retention, etc. Pullulan

improves the shelflife ofthe food as itis nota readily

assimilable carbon source for bacteria, molds and fungi

responsibleforspoilageoffood.Pullulan isalsosuperiorto

starchinwaterretentionthusretardingthespoilageoffoodby

dryingout[13,14,15,16].Pullulansolutionsresemblegum arabic

havingrelativelylow viscosity[17].Pullulancanbeusedas

low-viscosity fillerin beveragesand sauces.Itcan alsobe

usedtostabilizethequalityandtextureofmayonnaise.The

viscosityofpullulanisnotaffectedbyheating,changesinpH

and most metalions,including sodium chloride.Adhesive

propertiesarealsoexhibitedbypullulananditsderivatives[15].

Pullulancanbeusedasabinderandstabilizerinfoodpastes;
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itcanalsobeusedtoadherenutstocookies.Pullulancanbe

employedasabinderfortobacco[18],seedcoatingsandplant

fertilizers[19].

Pullulan films are clearand highly oxygen-impermeable

withexcellentmechanicalproperties.Theoxygenresistanceof

pullulanfilmsissuitablefortheprotectionofreadilyoxidized

fatsandvitaminsinfood.Pullulanfilmscanbeemployedas

coating orpackaging materialofdried foods,including nuts,

noodles,confectionaries,vegetablesandmeats[20].Pullulancan

beuseddirectlytofoodsasaprotectiveglaze[21,22].Pullulanis

referred asslowly digested carbohydrateashuman enzymes

graduallyconvertpullulantoglucosethatresultsingradualrise

inbloodglucoselevelinhumans.Pullulanmaybeincorporated

intodieteticsnackfoodsdesignedfordiabetics.Pullulanisalso

beneficialtopatientswhohaveimpairedglucosetolerance[23].

2-2.Pharmaceutical

Pullulan and its derivatives can be used as a denture

adhesive.Adhesivesorpastesarepreparedby dissolving or

dispersing uniformly pullulan ester and/orpullulan etherin
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waterorinamixtureofwaterandacetone.Adhesivesand

pastescontainingpullulanasthemaincomponenthavehigher

water solubility and lower moisture resistance [24].

Sugar-coatedpharmaceuticalcompositionssuchastablets,pills,

granulescontainpullulaninthesugarlayerforthepurposeof

preventingbrownishcolorchangeofthecompositionwithlapse

of time. The solid sugar-coated preparation exhibits an

enhancedimpactstrengthandshelflife.Pullulancanalsobe

used forpharmaceuticalcoatings,including sustained-release

formulations.Novelpreparationssuchastablets,pills,granules

orthelike,whichcontainpullulaninthesugarlayerservethe

purposeofpreventingbrownishcolorchangeofthecomposition

[25,26,27]Oralcareproductshavebeencommercializedbasedon

pullulan films.Thecolorless,transparentand ediblepullulan

film hasalsoattractedagreatdealofinterestforotheruses

such as a non-polluting wrapping material[28,29]reported

pullulan compositionsfortheusein pharmaceuticalproducts

preferablyforpredosedformulationslikesoftandhardcapsules.

Pullulanderivativesarepromisingasnon-toxicconjugatesfor

vaccines[30,31].Covalentattachmentbetween thevirusand

pullulan remarkably enhances the inherent producibility of
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immunoglobulin G and immunoglobulin M antibodies and

diminishestheimmunoglobulinEantibodyproducibilityaswell

assufficientlyinactivatinganddetoxifyingthevirus.Pullulan

canprovideliposomedelivery[32,33].Sizedpullulanfractions

havingmolecularweight30,000to90,000Dacanbeusedasa

bloodplasmaexpanderinplaceofdextran[34,35].Therehave

beenseveralattemptstodevelopplasmasubstitutesonpullulan

[3,36]summarizedalleffortsthathavebeenmadesofarto

understand the pharmacokinetics of intravenously applied

pullulanintermsofthemolarmassandconcentration[37].has

demonstrated the use ofpullulan in cosmetics,lotions and

shampoos.Pullulanbeingnon-toxicandnon-irritanttohuman

body,maybeappliedtoanycosmetics,butispreferablyused

as an ingredient of cosmetic lotions, cosmetic powders,

cosmetics around eyes,facialpacks,shampoos,specific hair

dressings(setlotionsandhairlacquers),andtooth powders.

Excellenttransparentfilm-formingability,moistureabsorptivity,

water solubility and tackiness are the properties making

pullulansuitableforuseincosmetics.
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2-3.MiscellaneousIndustry

Pullulan isalsoused asan industrialflocculating agent

[38,39].Itcanalsobeusedintheproductionofpaper.The

invention pertains to novelpaper-coating materialcontaining

pullulan which isexcellentin gloss,printing gloss,adhesive

strength and viscosity stability during storage.Pullulan has

excellentpropertiesasapaper-coatingadhesive.Thepullulan

paperishighinstrengthandfoldingresistance,istougherthan

awoodpulppaper.Itfavorsinkreceptivitybecauseofitshigh

hydrophilicnature,hencemaking itsuitableforprinting and

writing[40,41].Itcanimprovethecharacteristicsofpaint[42].

Pullulananditsderivativesalsohavephotographic,lithographic

andelectronicapplications[43,44,45,46,47].Pullulanandpullulan

derivatives are superior to traditionally used gum Arabic

solutionintheprotectionofthesurfaceoflithographicprinting

plateagainstoxidationandscummingaswellasintheability

toenhancethehydrophiliccharacterofmetallicsurfaceofa

non-imagearea[48,49]reportedtheuseofcross-linkedpullulan

beads (analogousto SephadexR) in gel permeation

chromatography. Cross-linked pullulan is water-resistant

withoutlossofitsexcellentpropertiessuchashighdegreesof
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transparency,toughnessand adhesiveness.Pullulan gelshave

beenusedforenzymeimmobilization.Hydrophilicpullulangel

having a three-dimensionally reticulated structure which is

obtainedby thereaction between pullulan andabifunctional

compound capable of forming an ether linkage with the

hydroxylgrouppresentinglucoseunitofpullulanisusedasa

carrier.Enzymesimmobilized with pullulan gelhavea high

activityandgoodretentionofactivity[50].

2-4.ControlofMolecularWeightPullulan

Pullulan application was actually limited due to low

molecularweightofthepullulan.Someimportantfactorsthat

controlthemolecularweightofthepulluanfrom A.pullulans

aretemperature,theinitialpH ofthemedium,theconcentration

andthekindofnitogensourceandthecarbonsource[51].The

averagemolecularweightofpullulanrangesfrom 1.5x104to

1.0x107dependingonthecultureconditionandstrainused[52]

The factors of culture condition that controlmolecular

weightpullulan havenotbeen wellstudied,exceptforhigh

molecularweightpullulan.Severalfactorsforthesynthesisand

secretionmechanism ofpullulanandcellularmetabolism ofA.
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pullanshavebeenreported[5].ThepH oftheculturebroth

influences notonly theproduction ofpullulan,butalso the

morphologyofA.pullulans.Themycelialform andyeast-like

form were predominant at pH 2.0-2.5 and pH 6.0-8.0,

respectively.There were severalreports on the relationship

between theproduction ofpullulan and itsmorphology [53].

However,thesereportsshowed somewhatconflicting results.

Therefore, further study on the relationship between the

pullulan production and to obtain various molecular weight

pullulan.

In this study,the effects ofpH on the production of

pullulan,and the molecular weight distribution of pullulan

duringthefermentationprocesswereevaluatedtoobtainthe

optimum molecular weight controlled pullulan fermentation

condition.
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II.MATERIALANDMETHODS

1.BacterialStrainandMedia

Aureobasidium pullulansHP-2001isolatedinthisstudywas

theUV-inducedmutantofA.pullulansATCC42023.Itshowed

theincreasedproductionofpullulananddidnotproducethe

melanin-likeblackpigment.Itwastransferredmonthlytothe

nutrientagarmedium [54].Themedium usedforcellgrowth

and the production of pullulan contained the following

components (g/l):K2HPO4,5.0;NaCl,1.0;MgSO4·7H2O,0.2;

(NH4)2SO4,0.6andyeastextract(DifcoLab.,Detroit.USA),2.5

[54].The medium was adjusted to pH 7.0 with 1 N HCl

solution.Thecarbonsourcewasautoclavedseparatelyfor15

minat121℃ andaddedtothemedium underasepticconditions.

According to the experimental purpose, the kinds and

concentrationsofcarbon sources and nitrogen sources were

variedbuttheconcentrationsofsaltswerenotchanged(Table

3).
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Seedculture Mainculture

Carbonsource 2% glucose 10% sucrose

Nitrogensource 0.25% yeastextract 0.25% yeastextract

Salts

0.5% K2HPO4

0.1% NaCl

0.02% MgSO4·7H2O

0.06% (NH4)2SO4

0.5% K2HPO4

0.1% NaCl

0.02% MgSO4·7H2O

0.06% (NH4)2SO4

InitialpH 7.0 6.0-7.0

Working

condition

30℃,200rpm,

24hrculture

30℃,200rpm,

72-120hrculture

Table3.Compositionofseedandmainculturemedium
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2.AnalyticalMethods

2-1.ProductionofPullulan

Startercultureswereprepared by transferring cells from

agarslantsto50mlmediumscontaining2% (w/v)glucosein

250 ml Erlenmeyer flasks. The resulting cultures were

incubatedfor2daysat30℃ and200rpm.Eachstarterculture

wasusedasaninoculum for100mlofmedium in500ml

Erlenmeyerflasks.Sampleswereperiodicallywithdrawnfrom

the cultures to examine cellgrowth and the production of

pullulan.

Theculturebrothwascentrifugedat15,000×gfor15min

toremovecells.Supernatantwasmixed with 2volumesof

isopropylalcoholandincubatedat4℃ for24hrtoprecipitate

thecrudeproductwhich wasseparated by centrifugation at

15,000×gfor20min.Theprecipitatedmaterialwasrepeatedly

washedwithacetoneandether,dissolvedin deionizedwater

(DW)anddialyzedagainstDW byusingdialysistubingwitha

molecularweightcutoffoffrom 14,000to12,000.Afterdialysis

for2to3dayswithfourorfivechangesofDW,thesolution
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waslyophilized.

Todeterminebiomass,thecellswerewashedwithdistilled

water and dry cellweight (DCW) measured by directly

weighingthebiomassafterdryingtoaconstantweightata

100℃ to105℃.Theconcentrationofpullulanwasdetermined

colorimetrically by the phenol-sulfuric acid method [55].A

standardcurveforquantitationofpullulanwaspreparedfrom

theauthenticpullulan(Sigma,St.Louis,USA).

2-2.DeterminationofSugars

The phenol-sulfuric acid method [55]was used forthe

measuringthetotalresidualsugar.Reducingsugarscontentsin

theculturebroth weredetermined by the3,5-dinitrosalicylic

acids(DNS)method[56].DNSreagentwaspreparedbyfirst

dissolving7.46gof3,5-DNSand13.98ofNaOH pelletsin1

literofdeionizedwater.Then216.1gofRochelleSalt(sodium

potassium tartratetetrahydrate),5.38mlofsaturatedphenoland

5.85gofsodium metabisulfitewereadded,andthereagentwas

agedfor2weeks.DNSreagentwasaddedtothesamevolume

ofanenzyme-substratesolution,andthepreparationwasplaced

in a boiling wasterbath for15min.Afterthepreparation
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cooled to room temperature,the concentration of reducing

sugarswasdeterminedspectrophotometricallyat550nm witha

spectrophotometer(Unicam Co.,HeliosDelta,UK).

Whensucrosewasusedasacarbonsource,theresidual

sucroseoftheculturebrothwasdeterminedbySucroseAssay

Kit(Sigma,St.Louis,USA),whichisforthequantitativeand

enzymaticdeterminationofsucroseinfoodsandothermaterials

[57].

2-3.CompositionAnalysisbyGCandFTIR

Gaschromatography(GC)wasusedtodeterminethemonomeric

compositionofsugarrepeatunitsinthepullulanaftermethanolysis

ofthe oligosaccharide followed by trimethylsilylation (Chaplin,

1982).GaschromatographicanalyseswereperformedonaHewlett

Packard(HP)gaschromatograph,model5890SeriesII,equipped

withaflame-ionizationdetector,andanHPmodel7673injector.

Thecolumnwas30m ×0.32mm I.D.fusedsilicawith0.25mm

cross-linked 5% phenylmethylsilicone liquid phase (Supelco,

Bellefonte,USA).Dry oxygen-freenitrogen (flow rateof2.9

ml/min)wasusedasthecarriergasat10psiheadpressureusing
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atemperatureprogram (from 140℃ for2minto260℃ atan

increaserateof8℃ permin).Theinjectorwaspurgedfor0.8min

afterinjection.StandardcurveswereconstructedoftheGCpeak

arearatiorelativetotheinternalstandardofm-inositolforvarious

concentrationsofpuresugarstandards.

Fouriertransforminfrared(FTIR)spectrawererecordedwitha

Perkin-Elmer1720spectrometer(16scans;resolution,2cm-1)over

KBrpellets.Pullulansample(2mg)waswellblendedmanually

with100mgofKBrpowder.Thismixturewasthendesiccated

overnight at 50℃ under reduced pressure prior to FTIR

measurement.

2-4.MeasurementofViscosity

Brookfieldviscometer,modelLVDV-1+,equippedwith s18

spindle was used for measuring the viscosity.At 12 hr

intervalsduringthefermentationperiod,8mlofsampleswere

putin asmallsampleadapterand keptat25℃.Afterthe

deflectionhadreachedasteadyvalueatspeedof6rpm,the

apparentviscositywascalculated.
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2-5.Determination of Molecular Weight by Gel

PermeationChromatography(GPC)

Thenumberaveragemolecularweight(Mn)(averagemolecular

weightdivided by the numberofmolecules)and the weight

averagemolecularweight(Mw)(averagemolecularweightdivided

bytheweightofeachpolymerchain),aswellasthepolydispersity

(Mw/Mn)(thebreadthofthemolecularweightdistribution)ofthe

pullulan samples, were determined by gel permeation

chromatography (Viscotek,USA)equipped with a TSK PWXL

column(Viscotek,USA)andaRIdetector.Pullulanstandardswith

narrow polydispersityandmolecularweightsrangingfrom 5.80×

103 to1.60× 106 wereusedtoconstructacalibration curve.

Deionizedwaterwasusedasamobilephaseataflow rateof1.0

ml/min.Thesampleconcentrationandinjectionvolumewere5.0

mg/mland100µl.Allofthesamplesolutionswerefilteredthrough

0.45 µm-pore-size filters (Adbentec MFS,Inc.,Japan)before

injection.

2-6.TreatmentofPullulanswithPullulanase

Pullulanswereassayedforsensitivitytothepullulanasefrom
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Klebsiellapneumonia(SigmaChemicalCo.,USA)[59].Pullulans

weresuspendedataconcentrationof1mg/mlin50mM sodium

acetatebuffer(pH 5.0).Theconcentrationofthepullulanasewas

0.1U/ml.Aftermixing,treatedsampleswereincubatedfor10hr

at25℃.Datawasreportedbelow aspercentagesofreducing

sugars relative to complete hydrolysis to maltotriose units.

Authenticpullulan (Sigma ChemicalCo.,USA)was used for

digestionasacontrol.Reducingsugarcontentsweredetermined

bytheDNSmethod[56].

2-7.RemovingtheMelanin-likePigments

Thesupernatantobtainedasabovewasheatedto80℃ for1h

to deactivate the extracellular pullulanase,filtered through

Whatmanfilterpaperno.2usingavacuum of400mmHg,and

thencooledto25℃.Theopticaldensityofthissupernatantwas

measured at320 nm in a HitachiSpectrophotometeras an

indicatorformelanin-likepigmentation.10mlofthissuspension

wasprecipitatedusing20mlabsoluteethanol.Thesupernatant

wasdecanted,andtheresidueobtainedwasdriedtillconstant

weightinanovenat60℃ togivethecrudepullulan.
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III.RESULTSandDISCUSSION

1.MassProductionofPullulanfrom SucroseMedium

byAureobasidium pullulansHP-2001

1-1. Production of Pullulan with Various

Concentrations of Sucrose and Glucose as Carbon

Source

1-1-1.Method

Themedium usedforcellgrowthandproductionofpullulan

containedthefollowingcomponents(g/l):K2HPO4,5.0;NaCl,

1.0;MgSO4·7H2O,0.2;(NH4)2SO4,0.6andyeastextract(Difco

Lab.,Detroit.USA),2.5.ThepHofmedium wasadjusted6.8to

7.0beforesterilization.Cultivatedat30℃,200rpm inashaking

incubatorfor96hr.Theconcentrationofglucoseandsucrose

ranged from 0.0 to 20.0% (w/v).The nitrogen source was

0.25% (w/v)yeastextract.Aspreviouslyinvestigated,glucose

andsucroseweresuperiortotheothercarbonsourcestestedin



-25-

regardtoitsabilitytostimulatetheproductionofpullulan.

Themedium usedforcellgrowthandproductionofpullulan

contained the following components (g/l) : sucrose, 100;

K2HPO4,5.0;NaCl,1.0;MgSO4·7H2O,0.2;(NH4)2SO4,0.6.The

pH ofmedium was adjusted 6.8 to 7.0 before sterilization.

Cultivatedat30℃,200rpm inashakingincubatorfor96hr.

Theconcentrationofyeastextractrangedfrom 0.0to0.50%

(w/v).

Themedium usedforcellgrowthandproductionofpullulan

contained the following components (g/l) : sucrose, 100;

K2HPO4,5.0;NaCl,1.0;MgSO4·7H2O,0.2;(NH4)2SO4,0.6.Initial

pHvaluesrangedfrom 3.0to8.0inthemedium

1-1-2.Results

1-1-2-1 Production of Pullulan with Various

Concentrationsof SucroseandGlucoseasCarbonSource

Theeffectsofvariousconcentrationsofglucoseandsucrose

asacarbonsourceoncellgrowthandproductionofpullulanbyA.

pullulansHP-2001wereinvestigated(Fig.3).Thenitrogensource

was0.25% (w/v)yeastextract.Aspreviouslyinvestigated,glucose
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Cultivatedat30℃,200rpm inashakingincubatorfor

96hr. 
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andsucroseweresuperiortotheothercarbonsourcestestedin

regardtoitsabilitytostimulatetheproductionofpullulan.When

thecarbonsourcewasglucose,productionofpullulanincreased

with increased concentration ofglucose up to 10.0% (w/v).

Productionofpullulanwas27.14g/landitsconversionratewas

27.1%.Whentheconcentrationofglucoseexceeded10% (w/v),the

productionofpullulanwasnearlyconstant.

Whereasproductionofpullulanincreasedwiththeincreased

concentrationofsucroseascarbonsource,cataboliterepression

wasnotseenuntil20% (w/v)sucrose.Maximalproductionof

pullulanwas54.20g/lwhentheconcentrationofsucrosewas20%

(w/v)butitsconversionratewaslowerthanthatof10% (w/v)

sucrose.Productionofpullulanwith10% (w/v)sucroseasthe

carbon sourcewas39.95g/lwhen theconcentration ofyeast

extractwas0.25% (w/v)andtheratioofsucrosetoyeastextract

was40:1.A higherconcentrationofsucroseresultedinhigher

productionofpullulanbutitsconversionrateofpullulanwaslow.

Inconclusion,theproductionofpullulanwithsucrosewasgreater

than thatwith glucoseunderthehigh initialconcentration of

carbonsources[57].
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1-1-2-2ProductionofPullulanswithYeastExtractasa

NitrogenSource

Theeffectofconcentrationofyeastextractasanitrogen

sourcewith 10% (w/v)sucroseasacarbon sourceon cell

growthandproductionofpullulanwasshowninTable4.Cell

growthincreasedwithincreasedconcentrationofyeastextract

whereas production of pullulan increased with a limited

concentrationofyeastextract.Also,theproductionofpullulan

wasenhanced up to apointby theconcentration ofyeast

extract.The highestproduction ofpullulan by A.pullulans

HP-2001was39.95g/lwhentheconcentrationofyeastextract

asanitrogensourcewas0.25% (w/v)anditsmolecularweight

was 1.26 × 106.The average molecularweightofpullulan

ranged from 6.50 × 103 to 5.87 × 106 depending on the

concentrationofyeastextract.Morethan 0.25% (w/v)yeast

extract in the medium showed negative effects for the

productionofpullulan.

Nitrogendepletionwasessentialforahigherproductionof

pullulan as shown in some other exopolymers [58].Yeast

extractused asanitrogensource is a complex mixtureof
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Yeast

extract

(%,w/v)

Final

pH

DCW

(g/l)

Pullulan

(g/l)
Yp/s Yp/x

Mw

(×10
4
)

Polydispersity

(Mw/Mn)

0.00 2.91 4.00 10.95 0.11 2.74 0.7 1.02

0.05 2.88 9.30 16.00 0.16 1.72 587.0 3.61

0.15 2.96 13.05 29.10 0.29 2.23 325.6 4.12

0.20 2.98 13.40 32.35 0.32 2.41 245.2 3.85

0.25 3.25 15.10 39.95 0.40 2.65 125.7 3.20

0.30 3.44 15.90 34.05 0.34 2.14 107.1 2.97

0.35 3.71 17.10 28.65 0.29 1.68 101.8 2.87

0.50 3.96 19.60 20.75 0.21 1.06 115.8 3.10

Table4. Productionofpullulanwith10% (w/v)sucroseand

various concentration ofyeastextractin a flask

culturea

a.Cultivatedat30℃,200rpm inashakingincubatorfor96hr.
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aminoacids,peptidesandprotein,aswellasagoodsourceof

vitaminB andsomemineralsalts[59,60].Itnormallyhasa

strong positiveeffectonbacterialgrowth rates[61],enzyme

activity[62]andproductivityofmetabolites[63].Inthehigh

concentrationsofyeastextractasanitrogensource,sugarwas

consumed mainly forthe cellgrowth.In this respect,the

concentrationsofyeastextractcanbeusedasoneofthekey

factors for controlling the cell growth, productivity and

molecularweightofpullulan.Itseemedthatalimitedamount

ofyeastextractas a nitrogen source in the medium was

essentialfortheproductionofpullulanbyA.pullulansHP-2001

[57].
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1-1-2-3 EffectofInitialpH onProductionofPullulan

TheeffectoftheinitialpH onproductionofpullulanwas

investigatedbyflaskculture(Table5).Ithasbeennotedthat

pH hasprofoundeffectsonboththerateofproductionandthe

synthesisofextracellularpolysaccharide[52,64,65].So,itwasof

interesttoinvestigatetheeffectsofdifferentinitialpH values

ranging from 3.0 to 8.0 in the medium on production of

pullulan.ThemaximalcellgrowthofA.pullulansHP-2001ata

pH of7.0wasachievedatthelevelof15.10g/l.However,the

maximalproductionofpullulanwasobtainedatapH 6.0,and

thatwas42.35g/l,atwhichthetotalutilizationrateofsucrose

(Yp/s +Yx/s)andspecificyield(gpullulan/gDCW)were0.56

and3.00,respectively.

ThepH oftheculturebrothwasveryimportantforcell

growth,theproductionofpullulanandthemorphologicalchange

ofcells[52,65].ThisresultindicatedthattheoptimalinitialpH

fortheproductionofpullulanwasdifferentfrom thatofcell

growth[57].
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InitialpH FinalpH
DCW

(g/l)

Pullulan

(g/l)

Yield

Yp/s Yx/s Yp/x

3.00 2.18 10.80 30.20 0.30 0.11 2.80

4.00 2.39 11.45 32.40 0.32 0.11 2.83

5.00 2.50 12.95 36.75 0.37 0.13 2.83

6.00 3.68 14.10 42.35 0.42 0.14 3.00

7.00 3.87 15.10 39.95 0.40 0.15 2.64

8.00 3.83 12.55 36.00 0.36 0.13 2.87

Table5.EffectoftheinitialpHontheproductionofpullulanin

aflaskculturea 

a.Cultivatedat30℃,200rpm inashakingincubatorfor96hr.
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1-2.Effect of Agitation Speed on Production of

Pullulanina7literFermenter

1-2-1.Method

Theeffectofagitationspeedontheproductionofpullulan

ina7literfermenterwasinvestigated.Themedium usedfor

cellgrowth and the production of pullulan contained the

followingcomponents(g/l):sucrose,100;K2HPO4,5.0;NaCl,1.0;

MgSO4·7H2O,0.2;(NH4)2SO4,0.6andyeastextract(DifcoLab.,

Detroit.USA),2.5g.Agitationspeedrangedfrom 300to600

rpm withanaerationrateof1.0vvm.

1-2-2.Results

Theeffectofagitationspeedontheproductionofpullulan

ina7literfermenterwasinvestigated(Fig.4).Agitationspeed

rangedfrom 300to600rpm withanaerationrateof1.0vvm.

Astheagitation speedofa7literfermenterincreased,the

concentrationofthedissolvedoxygeninthemedium increased

during culture timeand the period ofexhaustofdissolved

oxygeninthemedium decreased (Fig.4a).Itseemedthata
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higheragitationspeedwasabletomaintainarelativelyhigher

concentrationofdissolvedoxygeninthemedium.

The productivity ofpullulan with 600 rpm in a 7 liter

fermenterwas0.844g/l/hfor72hrandtheconversionrateof

pullulanfrom 10% (w/v)sucrosewas60.8% (Fig.4b).When

theagitationratewaslowerthan600rpm,growthreachedthe

stationaryphasefrom 96hrto120hr,andtheproductivityof

pullulandiminished.Productionofpullulanwitharelativelyhigh

agitation speed was betterthan thatwith a low one.The

maximalproduction ofpullulan wasobtained atthehighest

agitation speed (600 rpm) after only 72 hr,since further

fermentationcausedonlyasmallincreaseintheproductionof

pullulanandadecreaseofproductivity.

BatchculturefortheproductionofpullulanbyA.pullulans

HP-2001 was performed in a 7liter fermenter (Fig. 5).

Concentrations ofsucrose and yeastextractin themedium

were10.0and0.25% (w/v),respectively,andinitialpHadjusted

6.0.Cellgrowth andtheproduction ofpullulan in a7liter

fermentergraduallyincreasedwithculturetime.ThepH inthe

medium decreased and then maintained around 3.2. The

dissolvedoxygeninthemedium dramaticallydecreasedduring
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thelogphaseandthenrosegraduallyaroundto60%.Maximal

production ofpullulan by A.pullulansHP-2001in a7liter

fermenterreached60.8g/lafter72hr.Themolecularweightof

pullulanincreaseduntilthemiddleofthelogphase,thenjust

assuddenlydecreaseduntilthestationaryphase.Thehighest

molecularweightofpullulans was 1.34 × 106,which was

producedafter24hrofculture.Inthecourseofculturetime,

themolecularweightofpullulandecreasedgradually.

Thereductionintheamountofelaboratedpullulanandits

molecular weightmightbe due to the degradation ofthe

polymerbytheextracellularendoamylaseinthelatephaseof

culture[66].PullulansproducedbyA.pullulanshadthesame

basicstructures,buttheratiosoftheirmonomericcomponents

werealittledifferent[67],whichmighthavebeenthereason

fortheproductionofpullulanswithdifferentmolecularweights

[68].Duetotheintroductionofasmallamountofmannosein

the regular alternation of α-1,4 and α-1,6 bonds,pullulan

produced may have been less sensitive to the α-amylase

secretedintothemedium,whichresultedintheproductionof

pullulanswithhighermolecularweights.

Pullulanaseisoneofthestarch-debranchingenzymesthat



-38-

specifically attacks the branch points of amylopectin,

hydrolyzing α-1,6 glucosidic linkages to produce maltotriose

[69,70].Theincreaseinreducingsugarcontentafterpullulanase

treatmentofpullulansproducedafter24hrand72hrofculture

indicatedthatallthepullulanshadα-1,6glucosidiclinkagesof

linkedmaltotrioseunits(Fig.6).Higherpercentageofreducing

sugarsinapullulanproducedafter72hrthanthose24hrmay

haveresultedfrom lowercontentofmannoseinthepullulan.

Also,themolecularweightofpullulanproducedafter24hrwas

higherthanthoseproducedafter72hr.Theexopolymerswith

increasedmannosecontentsexhibitedresistancetohydrolysis

byα-amylase[67].
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1-3.EffectofAgitationSpeed,NumberofImpellers

andInnerPressureontheProductionofpullulanina

100literfermenter

1-3-1.Method

Theeffectsofagitationspeedoncellgrowthandproduction

ofpullulan in a 100 liter fermenter were investigated by

changing theagitation speed from 150to350 rpm undera

constantaerationrateof1.0vvm.Themedium usedforcell

growthandtheproductionofpullulancontainedthefollowing

components (g/l): sucrose, 100; K2HPO4, 5.0; NaCl, 1.0;

MgSO4·7H2O,0.2;(NH4)2SO4,0.6andyeastextract(DifcoLab.,

Detroit.USA),2.5g.

TooptimizethefermentationofA.pullulansHP-2001ina

100literfermenter,theeffectofthenumberofimpellersoncell

growthandproductionofpullulanwasexamined.Experiments

employeda100literfermenter(Ko-BiotechCo.,Korea)with

three six-bladed impellers and 3 baffles.The aeration rate,

agitationspeedandinnerpressurewere1.0vvm,350rpm and

0.4kgf/cm2.
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Theeffectofinnerpressureina100literfermenteronthe

production of pullulan and its molecular weight was

investigated.Theinnerpressureofa100literfermenterranged

from 0.0to0.8kgf/cm2.Agitationspeedandaerationratewere

350rpm and1.0vvm,

1-3-2.Results

1-3-2-1 Effect of Agitation Speed and Number of

Impellers on the Production ofPullulan in a 100 liter

fermenter

Theeffectsofagitationspeedoncellgrowthandproduction

of pullulan in a 100liter fermenter were investigated by

changing theagitation speed from 150to350 rpm undera

constantaerationrateof1.0vvm (Fig.7).Maximalproduction

ofpullulan and productivity were32.12g/land 0.446g/l/h,

respectively,at350rpm and1.0vvm.Undertheaerationrate

of1.0vvm,theagitation speedwasvery importantforthe

increaseofproductivity.Withtheincreasesoftheaerationrate,

theproduction ofpullulan and productivity linearly increased

form 8.75 to 26.50 g/land from 0.122 to 0.368g/l/h.An
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agitationspeedof350rpm andanaerationrateof1.0vvm

weresufficientforthecellgrowthandproductionofpullulan.

Byincreasingagitationspeed,fermentationtimewasshortened

andcellgrowthandproductionofpullulanwereincreased.

TooptimizethefermentationofA.pullulansHP-2001ina

100lfermenter,theeffectofthenumberofimpellersoncell

growth and production ofpullulan was examined (Fig.8).

Experimentsemployeda100lfermenter(Ko-BiotechCo.,Korea)

withthreesix-bladedimpellersand6baffles.Theaerationrate,

agitationspeedandinnerpressurewere1.0vvm,350rpm and

0.4kgf/cm2,respectively,andworkingvolumewas70lina

100literfermenter.Moreimpellerscannotcontributetothe

enhancementofthe production ofpullulan.Undersufficient

agitationspeedandaerationrate,agreaternumberofimpellers

showedtobeuselessforfurthercellgrowthandproductionof

pullulan.However,the production of pullulan was greatly

influencedbytheagitationspeed[67].
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1-3-2-2EffectoftheInnerPressureontheMolecular

Weightand ProductionofPullulanina100literfermenter

Theeffectofinnerpressureina100literfermenteronthe

productionofpullulananditsmolecularweightwasinvestigated

(Table6).Theinnerpressureofa100literfermenterranged

from 0.0to0.8kgf/cm2.Agitationspeedandaerationratewere

350rpm and1.0vvm,respectively.Astheinnerpressureofa

100literfermenterincreased,theconcentrationofthedissolved

oxygeninthemedium increasedduringculturetimeandthe

time with a shortage ofdissolved oxygen in the medium

decreased (data not shown). Cell growth increased with

increasedinnerpressureofa100literfermenter.Themolecular

weightofpullulan decreased with increased innerpressure.

Maximalproductionofpullulanwas56.53g/lwhentheinner

pressureofa100literfermenterwas0.4kgf/cm2atwhichthe

conversionrateandtotalutilizationrateofsucrose(Yp/s+Yx/s)

were0.57 and 0.73,respectively.Theproduction ofpullulan

withaninnerpressureof0.4kgf/cm2 was1.2timeshigher

thanthatwithouttheinnerpressure.

The inner pressure of a fermenter,which is one of

physiologicalfactorsinvolvedwiththedissolvedoxygeninthe
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Inner

pressure

(kgf/cm
2
)

DCW

(g/l)

Pullulan

(g/l)
Yp/s Yx/s Yp/x

productivity

(g/l/h)

0.0 12.98 47.30 0.47 0.13 3.64 0.6569

0.2 13.52 48.83 0.49 0.14 3.61 0.6782

0.4 15.95 56.53 0.57 0.16 3.54 0.7851

0.6 17.83 50.60 0.51 0.18 2.83 0.7027

0.8 18.55 47.33 0.47 0.19 2.55 0.6574

Table 6. Effect of inner pressure on cell growth and

productionofpullulana

a.Themedium contained10% (w/v)sucroseand0.25% (w/v)

yeastextract.Cultivatedat30℃,350rpm,1.0vvm and70liter

workingina100literfermenterfor72hr.
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medium,mayaffectmolecularweightaswellasproductionof

pullulan (Fig.9).Itseemsthathigherinnerpressureofa

fermenterwithalimitedrangetomaintain arelatively high

concentrationofdissolvedoxygeninthemedium enhancedthe

productionofpullulanbyA.pullulansHP-2001[67].
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1-4.ProductionofPullulanina5tonFermenter

1-4-1.Method

Themedium used forcellgrowth andtheproduction of

pullulancontainedthefollowingcomponents(g/l):sucrose,100;

K2HPO4,5.0;NaCl,1.0;MgSO4·7H2O,0.2;(NH4)2SO4,0.6and

yeast extract (Difco Lab.,Detroit.USA),2.5g.The inner

pressureinthe5tonwas0.4MPaandaerationrateforthe5

tonwas1.0vvm.Fermentationswereincubatedfor96hoursat

30℃.

1-4-2.Results

AsshowninFig.10.cellgrowthincreasedwitha5ton

fermenter. Dissolved oxygen was decreased during the

fermentation and decreased to about0% at24 hr.pH was

decreased during 24 hr and maintained pH 3. Maximal

production ofpullulan by A.pullulansHP-2001in a5 ton

fermenterwithainnerpressureof0.4MPawasobtainedwith

amolecularweightof520KDa.
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Fig.10.Effectofa5tonfermenteronthemolecularweightof

pullulan.Cultivated0.4MPa,1.0vvmand3tonworking

ina5tonfermenterfor96hr.
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1-5.ProductionofPullulanina6tonAir-liftType

Fermenter

1-5-1.Method

The medium used forcellgrowth and the production of

pullulancontainedthefollowingcomponents(g/l):sucrose,100;

K2HPO4,5.0;NaCl,1.0;MgSO4·7H2O,0.2;(NH4)2SO4,0.6and

yeastextract(DifcoLab.,Detroit.USA),2.5g.Thefermentation

fortheproductionofPullulanbyA.pullulansHP-2001was

performedin6tonair-lifttypefermenter.Workingvolumesof

the6tonfermenterwas3ton,respectively.Temperaturefor

fermentationwith6tonfermenterwasmaintainedat30℃.Air

lifttypeinwhichnomechanicalstirrersareusedandtheagitation

isachievedbytheairbubblesgeneratedbytheairsupply.The

aeration rateforthe6ton fermenterwas1.0kg/cm3.The

fermentationwasincubatedfor65hr.

1-5-2.Results

Thefermentationwereinvestigatedwithanairliftfermenter

system ina6ton.Theaerationratewas1.0kg/cm3 atthe

initialpH 6.0.Dissolved oxygen was decreased during the
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fermentationanddecreasedtoabout60% for12hr.Dissolved

oxygen was a little increased during fermentation.Maximal

production ofpullulan by A.pullulansHP-2001in a6 ton

fermenter was48.80g/lofpullulan(Fig.11).
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Fig.11.Productionofpullulanina6tonair-lifttypefermenter
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2.ProductionofPullulanbyAureobasidium pullulans

HP-2001withContinuousFermentation

2-1.EffectofMedium Repeated FedBatch on the

ProductionofPullulan

2-1-1.Method

ThegeneralgrowthkineticofbatchcultureofA.pullulans

HP-2001ina7literfermenterwasshown inFig.12.The

medium contained (g/l)sucrose,10;and yeastextract,2.5;

K2HPO4,5.0;NaCl,1.0;MgSO4·7H2O,0.2;(NH4)2SO4,0.6.The

aerationrateandagitationspeedwere1.0vvm and500rpm.

Thevolumeofsubstitutedsolutionwashalfoftheoriginal

workingvolume.Substitutedsolutionsusedinthisstudywere

1)10% (w/v)sucrose,2)10% (w/v)sucroseand0.25% (w/v)

yeastextractand3)10% (w/v)sucrose,0.25% (w/v)yeast

extract and mineralsalts,which is the medium for the

productionofpullulan.Themineralsaltswerecomposedof5.0

g/lK2HPO4,1.0g/lNaCl,0.2g/lMgSO4․7H2O and0.6g/l

(NH4)2SO4.
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Fig.12.CellgrowthandproductionofpullulanbyA.pullulans

HP-2001with10% (w/v)sucroseand0.25% (w/v)yeast

extractina7literfermenter.Cultivatedat30℃,500rpm,

1.0vvm and5literworkingina7literfermenterfor120

hr
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2-1-2.Results

Theeffectofmedium repeatedfedbatchafter72hroncell

growthandtheproductionofpullulanbyA.pullulansHP-2001

wasexaminedina7literfermenter(Fig.13).Thevolumeof

substitutedsolutionwashalfoftheoriginalworkingvolume.

Substitutedsolutionsusedin thisstudy were1)10% (w/v)

sucrose,2)10% (w/v)sucroseand0.25% (w/v)yeastextract

and 3)10% (w/v)sucrose,0.25% (w/v)yeastextractand

mineralsalts,which is the medium for the production of

pullulan.Themineralsaltswerecomposedof5.0g/lK2HPO4,

1.0g/lNaCl,0.2g/lMgSO4․7H2O and0.6g/l(NH4)2SO4.The

pH ofthe substituted solution were adjusted to 6.0 before

sterilization.Whenthesubstitutedmedium contained10% (w/v)

sucrose,0.25% (w/v)yeastextractand mineralsalts,the

maximalproductionofpullulanwas75.88g/lat120hr.After

72 hr repeated fed batch,dissolved oxygen was almost

exhausted.Overallproductionofpullulanfedwithfreshmedium

wasabout1.80timeshigherthanthoseofpullulanbybatch

culture.

When the substituted medium contained only 10% (w/v)

sucrose,theconcentrationofpullulanandproductivitywere
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Fig.13.Effectofmedium repeatedfedbatchafter72hronthe

production ofpullulan by A.pullulansHP-2001:batch

culturewithoutrepeatedfedbatch(●);repeatedfedbatch

solution containing 10%(w/v)sucrose(■);10% (w/v)

sucroseand0.25% (w/v)yeastextract(▲);10% (w/v)

sucrose,0.25% (w/v)yeastextractandmineralsalts(○).

Cultivatedat30℃,500rpm,1.0vvm,5literworkingina7

literfermenterfor120hr
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59.63 g/land 0.50 g/l/h,respectively,at120 hr.The final

concentrationofpullulaninthemedium wassimilartothatof

batchculturebutoverallproductionofpullulanwas1.56times

higherthanthatofpullulanbybatchculture.Productivityof

pullulanfedwiththefreshmedium washigherthanthatfed

with themedium containing 10% (w/v)sucrose,10% (w/v)

sucrose and 0.25% (w/v) yeast extract.Anyway,feeding

nutrienttothefermenteratsteady-statewasconsideredtobe

abeneficialmethodforthehigherproductionofpullulanbyA.

pullulansHP-2001[67].
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2-2.Production ofPullulan in Continuous Culture

and Varying Feed Concentration of Sucrose in

Continuousfermentation

2-2-1.Method

ContinuouscultureofA.pullulansHP-2001wasperformed

ina7literfermenterandtheeffectofdilutionrateoncell

growth and the production ofpullulan was examined.The

aerationrateandagitationspeedwere1.0vvm and500rpm,

respectively.Thefeedsolutionwasthefreshmedium containing

sucrose,yeastextractandmineralsalts.Themedium contained

(g/l)sucrose,10;andyeastextract,2.5;K2HPO4,5.0;NaCl,1.0;

MgSO4·7H2O,0.2;(NH4)2SO4,0.6.Thecontinuousmedium feed

was commenced after 72 hr of batch fermentation.The

concentration of pullulan at steady-state increased with

increaseddilutionrateupto0.015h-1 andthatwas75.0g/l.

Aboveadilutionrateof0.015h-1,steady-statecouldnotbe

maintainedand awash outofcellsoccurred.Theseresults

indicatedthatoptimaldilutionratefortheproductionofpullulan

was 0.015 h-1 in the continuous culture of A.pullulans



-60-

HP-2001.

A.pullulansHP-2001wasgrownincontinuouscultureat

constant dilution rate (D=0.015 h-1) with varying feed

concentrationsofsucrose(10-20%,w/v)asthecarbonsource.

Theaerationrateandagitationspeedwere1.0vvm and500

rpm,respectively.Whenthefeedsolutioncontained20% (w/v)

sucrose,0.25% yeastextractandmineralsalts,above100g/lof

pullulanswereobtainedatsteady-state

2-2-2.Results

ContinuouscultureofA.pullulansHP-2001wasperformed

ina7literfermenterandtheeffectofdilutionrateoncell

growthandtheproductionofpullulanwasexamined(Fig.14).

Theaerationrateandagitationspeedwere1.0vvm and500

rpm,respectively.The feed solution was the fresh medium

containing sucrose, yeast extract and mineral salts. The

continuousmedium feedwascommencedafter72hrofbatch

fermentation.The concentration of pullulan at steady-state

increasedwithincreaseddilutionrateupto0.015h-1 andthat

was75.0g/l.Aboveadilutionrateof0.015h-1,steady-state

could notbemaintained and awash outofcellsoccurred.

These results indicated that optimaldilution rate forthe
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Fig.14.Effectofdilutionrateontheproductionofpullulanby

continuousculture.Extrapolatedvaluesforzerodilution

rateobtainedfrom batchfermentation.
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productionofpullulanwas0.015h-1inthecontinuouscultureof

A.pullulansHP-2001.

Distributionofmolecularweightsofpullulanwithadilution

rateof0.015h-1wasshownFig.15.Themolecularweightof

pullulanincreaseduntilthemiddleofthelogphase,thenjust

assuddenlydecreaseduntilthestationaryphase.Thehighest

Mw and Mn ofpullulan were 3.52 × 106 and 1.22 × 106,

respectively,whichwasproducedafter24hrofculture,then

justassuddenly decreased.Afterfeeding fresh medium,the

Mw andMnofpullulanslightlyincreasedtoaround5.40×105

and 1.25 × 105.The narrowestpolydispersity (Mw/Mn)of

pullulanwas2.35at48hrandpolydispersityincreasedaround

4.40withculturetime.Above70.0g/lofpullulanand4.0×105

ofMw oftheproductswereobtained afterfeeding.Unlike

previous reports thataverage molecularweights ofpullulan

decreasedlateinthestationaryphaseduetothepresenceof

theamylasesecretedintothemedium [71],thedeclineofMw

andMnwasnotfoundinthecontinuouscultureofA.pullulans

HP-2001.Theseresultssuggestedthatvariationofmolecular

weightofpullulanbycontinuousculturemayberelatedwith

the presence ofpullulanase.Itwas supposed thatfeeding

nutrienttofermenterextended steady-stateand retarded the

excretionofpullulanase.
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A.pullulansHP-2001wasgrownincontinuouscultureat

constant dilution rate (D=0.015 h-1) with varying feed

concentrationsofsucrose(10-20%,w/v)asthecarbonsource

(Fig.16).Theaerationrateandagitationspeedwere1.0vvm

and500rpm,respectively.When thefeed solution contained

20% (w/v)sucrose,0.25% yeastextractand mineralsalts,

above 100 g/lofpullulans were obtained atsteady-state.

Steady-stateinthecontinuousculturefedwithfeedsolution

containing20% (w/v)sucrosemaintainedlongerthanthatfed

withfeedsolutioncontaining 10% (w/v)sucrose.Whenfeed

solution contained more than 10% (w/v)sucrose,a higher

concentrationofpullulanwasobtainedatsteady-state.Under

optimaldilution rate,A.pullulansHP-2001seemedovercome

thecataboliterepressionupto20% (w/v)sucroseinthefeed

solution[67].
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Fig.16.Effectofsucroseconcentrationinthefeedsolutiononthe

productionofpullulanbycontinuousculture.Thefeed

concentrationofsucrosewere10% (●),15% (□)and

20% (▲)(w/v),respectively.Cultivatedat30℃,500rpm,

1.0vvm,5literworkingina7literfermenterwitha

dilutionrateof0.015h-1for360hr.
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3. Control of Pullulan Molecular Weight with

VariationofCultureConditions

3-1. Variation Tendency of Pullulan Molecular

Weight during FermentationProcess

3-1-1.Method

Themedium usedforcellgrowthandtheproductionof

pullulancontainedthefollowingcomponents(g/l):sucrose,100;

K2HPO4,5.0;NaCl,1.0;MgSO4·7H2O,0.2;(NH4)2SO4,0.6and

yeastextract(DifcoLab.,Detroit.USA),2.5[51].Cultureswere

growninitiallyin200mlmedium in500mlflasksfor3days

andshakenat200rpm.Theresultingcultureswereincubated

for3daysat30℃ underaerobiccondition.TheinitialpH and

agitation speed on culture broth were controlled at 6.8

respectively.

3-1-2.Results

The objectives for this study was to evaluate for the

productionofpullulanwithmolecularweightinafermentation.

Thehighmolecularweightofpullulanincreasedintheinitial
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cultureearly.Afterthestationaryphasedecreasedthemolecular

weightofpullulan(Fig.17).
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Fig.17. Molecularweightofpullulanproducedina7liter

fermenter
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3-2.EffectofInitialpH ontheMolecularWeightof

PullulaninaFermentation

3-2-1.Method

Themedium usedforcellgrowthandtheproductionof

pullulancontainedthefollowingcomponents(g/l):sucrose,100;

K2HPO4,5.0;NaCl,1.0;MgSO4·7H2O,0.2;(NH4)2SO4,0.6and

yeastextract(DifcoLab.,Detroit.USA),2.5[51].Cultureswere

growninitiallyin200mlmedium in500mlflasksfor3days

andshakenat200rpm.Theresultingcultureswereincubated

for3daysat30℃ underaerobiccondition.TheinitialpH and

agitation speed on culture broth were controlled at 6.8

respectively.Pullulan production from A.pullulans HP-2001

were determined atvarious culture conditions with pH as

variablesfrom pH 3to8.Themedium pH wasadjustedto3

to8instepsof1.0pH unitbyadding1N NaOH or1N HCl

priortosterilization.

3-2-2.Results

Importantparametersforpullulansynthesisaretemperature,
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pH ofthemedium,oxygensupply,nitrogenconcentration,and

carbonsource[72,73,74].Among theseparameters,thepH of

theculturebrothisoneofthemainfactorsinfluencing the

production ofpullulan.Theyield ofpullulan production,the

importantparameterforthecommercialapplicationofpullulan

isthemolecularweight.Pullulanwithahighmolecularweight

hasahighviscosity,thus,itismorevaluablethanthatwitha

low molecularweight.

The pH effects are often investigated using the same

microorganism in flask experimentswith differentinitialpH

values.Themaximum productionofpullulanwithaninitialpH

5 was achieved at the levelof 47.76 g/l.The pullulan

productionincreasedfrom initialpH 3to5.However,ahigh

proportionofhighmolecularweightpullulan(M.W 1.64x106)

wasproducedatapH of3.Pullulandegradingenzymewas

activatedwhenthepHofthebrothwaslowerthan5.0andthe

portionoflow molecularweightpullulanwasincreased.The

resonforthedecreaseinthehighmolecularweightportionof

pullulanatlow pH isduetothepullulanaseactivationatalow

pHandacidhydrolysisatlow pHconditions[75](Fig.18).
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3-3.Two-stage Fermentation Process forOptimal

ProductionofPullulan

3-3-1.Method

Themedium usedforcellgrowthandtheproductionof

pullulancontainedthefollowingcomponents(g/l):sucrose,100;

K2HPO4,5.0;NaCl,1.0;MgSO4·7H2O,0.2;(NH4)2SO4,0.6and

yeastextract(DifcoLab.,Detroit.USA),2.5[51].Theeffectof

pH fermentationwasstudiedbybatchfermentationina7liter

fermenterwithapH control.Thefermentationwith4literof

medium wasoperatedattemperature30℃,1vvm aerationand

agitation500rpm forabout96hr.Two-stagefermentationwas

demonstratedbycontrollingtheculturepHat4.0around24,48,

60 hrforcellgrowth.Itwas the shifted to pH 5.0 for

productionofpullulaninthesecondarystage.

3-3-2.Results

Two-stage pH operation was performed to optimize

production of pullulan as demonstrated in Fig.19.The

experimentofresult,inthefirststage,thefermentationpH
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3

Fig.19.Two-stagefermentationwithculturepH shiftedfrom

pH4.0to5.0after24,48,60hrofcultivation
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controlledatpH 4.0around24hrforcellgrowthanditwas

thenshiftedtopH 5.0productionofpullulaninthesecondary

stage,The two-stage fermentation process that maximized

productformationwasdemonstratedwithamolecularweight

changeswereachieved[76].
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3-4. The Effect of CaCO3 and Ascorbic Acid

ConcentrationontheMolecularWeightofPullulan

3-4-1.Method

TheeffectofCaCO3 concentrationinculturewasstudied

usingshakeflaskculturesatdifferentconcentrationofCaCO3.

Themedium contained(g/l)sucrose,10;andyeastextract,2.5;

K2HPO4,5.0;NaCl,1.0;MgSO4·7H2O,0.2;(NH4)2SO4,0.6.The

concentrationofCaCO3rangedfrom 0.0to20g/l.Theculture

wasincubatedonarotaryshakerat30℃ and200rpm for72

hr,96hr.

Theeffectofascorbicacidconcentration in culturewas

studiedusingshakeflaskculturesatdifferentconcentrationof

ascorbicacid.Themedium contained(g/l)sucrose,10;and

yeastextract,2.5;K2HPO4,5.0;NaCl,1.0;MgSO4·7H2O,0.2;

(NH4)2SO4,0.6.Theconcentrationofascorbicacidrangedfrom

0.0to20g/l.Theculturewasincubatedonarotaryshakerat

30℃ and200rpm for72hr.Theconcentrationofascorbicacid

rangedfrom 0.0to3g/l.
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3-4-2.Results

ThepHiskeptconstantduringtheproductionprocessthan

toputabufferthatiseasytocultivate.Sointhisstudy,the

effectofCaCO3 concentration containing buffercapacity on

productionofpullulan.Inshakeflasks,additionofCaCO3 and

CaCO3concentrationrangedfrom 0.0to20g/l.Theproduction

of molecularweightofpullulanwithbelow 1g/lofCaCO3

wasdecreased.A highproportionofhighmolecularweight

pullulan(M.W 1.0x106)wasadded0.1g/lofCaCO3(Fig.20,

21).

A microbial fermentation and recovery process was

developed for large-scale production. One of undesirable

featuresoffermentationofA.pullulansarereadilyobserved.

Theproblem isthesimultaneoussynthesisofdarkmelanin-like

pigment,whichcontaminatesthepullulanduring long culture

time.A decolorizationprocesswithaddedascorbicacidduring

fermentation to remove the pigment.Ascorbic acid is well

known that ascorbic acid plays the role of an effective

antioxidant in biologicalsystems [77] and to remove the

pigmentandtocontainbuffercapacity.Therefore,itattracts

someinterestinstudiesoftheinfluenceofascorbicacidonthe
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3
3

Fig.20.Effectofconcentration ofCaCO3 on production of

pullulanandonthemolecularweightofpullulanbyA.

pullulansHP-2001(72hr)
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3
3

Fig.21.EffectofconcentrationofCaCO3 on production of

pullulanandon themolecularweightofpullulan by

A.pullulansHP-2001(96hr)
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stabilityofpullulaninascorbicacid-containingsystemsaswell

asinfluenceofpullulanonthedecompositionrateofascorbic

acidinsolution.Theconcentrationofascorbicacidrangedfrom

0.0to3g/l.Themaximum concentrationofascorbicacidwas

1g/l(Fig.22).
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Fig. 22. Effect of concentration of Ascorbic acid on

production of pullulan and molecular weight of

pullulanbyA.pullulansHP-2001.
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3-5.EffectofHydrolysisReactionontheMolecular

WeightofPullulan

3-5-1.Method

Fermentationfortheproductionofpullulanwereperformed

in500literfermenter.(Ko-BiotechCo.,Korea).Workingvolumes

ofthe500literfermenterwas300liter.Themedium usedfor

cellgrowth and the production of pullulan contained the

followingcomponents(g/l):sucrose,100;K2HPO4,5.0;NaCl,1.0;

MgSO4·7H2O,0.2;(NH4)2SO4,0.6andyeastextract(DifcoLab.,

Detroit.USA),2.5[51].Theagitationspeedwasmaintainedat

150rpm,andaerationratewas0.5vvm.Theinnerpressurein

the500literfermenterwas0.2kgf/cm2.

1M H2SO4 wasaddedtoculturesolutionfor3hoursto

getlowermolecularweightofpullulan.

3-5-2.Results

Theviscosity ofthefermentation increased with ahig

molecularweight(Fig.23).Specically the molecularweight

controlwhichleadsthehydrolysisofpullulan.Thepullulanlow
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molecularweightincreasedafter1-3hourstreatedwith1M

H2SO4. After3hourofmolecularweighwas2.84x10
5.The

reasonforthedecreaseinthehighmolecularweightofpullulan

acidhydrolysisatlow pHconditions(Table7.)
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acid

hydrolysis

(hr)

Viscosity

(cps25℃) pullulan
Mw

(x103)
initial final

0 14 14 25.2 609

1 14 12.7 27.0 340

2 14 12.3 26.8 301

3 14 13 27.2 284

Table7.Effectofacidhydrolysison production ofpullulan

and controlof molecular weightby A.pullulans

HP-2001.
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3-6. Effect of Substrate of Medium on the

MolecularWeightofPullulan

3-6-1.Method

Themedium usedforcellgrowthandtheproductionof

pullulancontainedthefollowingcomponents(g/l):sucrose,100;

K2HPO4,5.0;NaCl,1.0;MgSO4·7H2O,0.2;(NH4)2SO4,0.6and

isolated soybean protein (ISP)0-1.0%.The ISP used as a

nitrogensourceinthisstudywastheagro-industrialbyproduct.

Itconsistedofthefollowingcomponents(%): crudeprotein,

45,50;crudecellulose 5-6.

3-6-2.Results

Theaveragemolecularweightsofpullulansproducedwith

variousconcentrationsofISP,rangedfrom 1.34to5.88x106.

PullulansproducedwithISP,themolecularweightincreasedas

wasaddedISP,reachingitsmaximum whentheconcentration

ofISP was about0.45%.Overallthe molecularweights of

pullulansproducedwith wasISP4timeshigherthanthoseof

pullulansproducedwithyeastextractasanitrogensource.
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Theaveragemolecularweightsofpullulansrangedfrom

1.5× 104 to1.0× 107 depending on cultureconditionsand

stains[50,51,78](Fig.24).Themolecularweightsofexopolymers

produced with agriculturalwastes were higher than those

producedwithglucoseasacarbonsource[79].Substratesfor

theproductionofpullulanandtheinitialpHofthemedium also

affectedthemolecularweightofthepullulan[80,81].
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Fig.24.GPCchromatogramsofpullulansmadewithISPasa

nitrogensources.(a);2% sucrose(b);10% sucrose,

0.2% ISP (c);10% sucrose,0.5% ISP (d);10%

sucrose,1.0ISP
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3-7.Optimum ConditionofPullulanProductionwith

SpecificMolecularWeightbyA.pullulansHP-2001

Fortheproduction ofspecificmolecularweightpullulans

with 1000KD,500KD and 300KD,specificconditionsforthe

fermentations were determined as shown below The yeast

extractconcentrationsandpH ofthefermentationbrothwere

controlledtoproducespecificpullulan with desired molecular

weights.

① Conditionsof1,000KD molecualrweightpullulanby

A.pullulansHP-2001

Medium g/l Conditions

K2HPO4 5.0
Agitationspeed

(rpm)
80

NaCl 1.0 Culturetime(hr) 60

MgSO47H2O 0.2 Inoculum size(%) 3

(NH4)2SO4 0.6 Temperature(℃) 30

yeastextract

orISP
>2.5

Innerpressure

(kg/cm2)
0.5

InitialpH 6.0

Sucrose 100
Aerationrate

(LPM)
1500
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② Conditionsof500KD molecualrweightpullulanbyA.

pullulansHP-2001

Ⅰ.

Medium g/l Conditions

K2HPO4 5.0
Agitationspeed

(rpm)
80

NaCl 1.0 Culturetime(hr) 60

MgSO47H2O 0.2 Inoculum size(%) 3

(NH4)2SO4 0.6 Temperature(℃) 30

yeastextract 2.5
Innerpressure

(kg/cm
2
)

0.5

CaCO3 0.5 InitialpH 6.0

Sucrose 100
Aerationrate

(LPM)
1500

Ⅱ.

Medium g/l Condition

K2HPO4 5.0
Agitationspeed

(rpm)
80

NaCl 1.0 Culturetime(hr) 60

MgSO47H2O 0.2 Inoculum size(%) 3

(NH4)2SO4 0.6 Temperature(℃) 30

yeastextract 2.5
Innerpressure

(kg/cm
2
)

0.5

CaCO3 0.25
InitialpH 6.0

Ascorbicacid 1

Sucrose 100
Aerationrate

(LPM)
1500
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③ Conditionsof300KD molecualrweightpullulanbyA.

pullulansHP-2001

Ⅰ.

Medium g/l Condition

K2HPO4 5.0
Agitationspeed

(rpm)
80

NaCl 1.0 Culturetime(hr) 60

MgSO47H2O 0.2 Inoculum size(%) 3

(NH4)2SO4 0.6 Temperature(℃) 30

yeastextract 2.5
Innerpressure

(kg/cm2)
0.5

Ascorbicacid 1
InitialpH 6.0

pH control 5.0(after24hr)

Sucrose 100
Aerationrate

(LPM)
1500

Ⅱ.

Medium g/l Condition

K2HPO4 5.0
Agitationspeed

(rpm)
80

NaCl 1.0 Culturetime(hr) 60

MgSO47H2O 0.2 Inoculum size(%) 3

(NH4)2SO4 0.6 Temperature(℃) 30

yeastextract 2.5
Innerpressure

(kg/cm
2
)

0.5

CaCO3 0.5
InitialpH 6.0

Ascorbicacid 1

Sucrose 100
Aerationrate

(LPM)
1500
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4. Development of Process for Purification and

Separation of Pullulan by Aureobasidium pullulans

HP-2001

4-1.DevelopmentofProcess for Purification and

SeparationofPullulanUsingFilterPressandActive

Carbon

4-1-1.Method

Firststep,theamountofdiatomite(Hyancell#200)into

R/O watertoremovecellsbyafilterpresswas1.25%(w/v)

basedontheremovalrateofcells.Filtertype:Plate& Frame

filterpress,airpermeability :110cc/cm3/min,Dimension of

plate:100nm x 100nm x 6chambers.Secondstep,The

optimalprocessfrom supernatantafterremovingofcellsbya

filterpresswasintoaactivecarbon,0.25% (w/v).Theoptimal

processforremovingcells,melanin-likepigmentfrom culture

brothafterafilterpresswerefoundtobetwotimesofthe

cycles.
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4-1-2.Results

After culture time,the fermentation solution should be

through separated and purified recovery process. Because

pullulaninthefermentationsolutionwouldbedegradedeasily,

so we have to detect the best time of separation and

purification.Thefermentationsolution wasstoredin4℃ and

25℃ todetectthepullulanconcentrationandmolecularweight.

Theresultshowedthatthesolutionwassteadyduring24hr.

After36hr,themolecularweightdecreasedalittle.Andafter

the culture time,we removed the cells from fermentation

solution(Table8)

The optimalamountof diatomite into culture broth to

removecellsbyafilterpresswas1.25%(w/v)basedonthe

removalrateofcells(Table9).Theopticaldensityat520nm

wasusedtodeterminethepigments.Theoptimalprocessfrom

supernatantafterremovingofcellsbyafilterpresswas0.26

foropticaldensity.Andnextstepwasusing activecarbon.

This method was a simple and efficientprocedure forthe

isolationandpurificationofpullulanfrom thecellconsistingof

activecarbontreatment(Fig.25).Adsorptionwaseffectiveto

separatethecellsandmelanin-likepigments,0.023foroptical
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Table 8.Variation ofculture broth with time elapsed on

severaltimesatroom temperature.(a)25℃,(b)4℃

Temp.
TheTime
Elapsed(hr)

brix(%) OD(320)Mw(x1,000) Pullulan(g/l)

25℃

0 6.5 1.561 610 41.63

24 6.4 1.452 623 43.18

36 6.4 1.575 463 42.24

48 6.2 1.558 425 44.20

60 6.4 1.637 355 39.72

4℃

24 6.4 1.362 774 42.14

36 6.4 1.362 586 40.88

48 6.2 1.353 603 42.56

60 6.6 1.402 523 39.70
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Table.9.SeparationofA.pullulansHP-2001cellswithfilter

press

Time

(min)

Flow rate

(l/min)

Pressure

(Kgf/cm
2
)

OD

(320nm)

0 - 0 26.9

2 0.15 4 15.1

4 0.10 5 10.3

6 0.08 6 5.3

8 0.06 6 1.5

10 0.06 6 0.26
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Fig.25.SeparationofA.pullulansHP-2001cellsusingactive

carbonwithfilterpress



-96-

densityofthecellsandmelanin-likepigmentswereadsorbed

bythismethod(Table10).
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Table. 10. Development of Process on molecular weight,

productionforpurificationandseparationofPullulan

byA.pullulansHP-2001

PF-0
→

PF-1
→

activecarbon
→

PF-2

Broth diatomite 0.25% 30Sfilteration

↓

 PF-3
↓

30Sfilteration

 PF-4

0.45㎛

supernatant

Visco

(cps)

brix

(%)

OD

(520nm)

Mw

(x10
3
)

protein

(%)

pullulan

(g/l)

PF-0 29.7 7.4 26.92 282 6.03 49.70

PF-1 16 6.9 0.252 119 1.13 35.34

PF-2 11.5 5.4 0.073 146 0.65 30.73

PF-3 6.25 5.0 0.305 119 0.98 30.73

PF-4 6.92 4.8 0.073 122 0.32 30.84
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4-2.Development of Pullulan purification Process

usingCeramicFiltrationMembrane

4-2-1.Method

Theoptimalprocessfrom supernatantafterremoving of

cellsby afilterpressandmixing activecarbon by afilter

presswastouseaceramicmembranewithamolecularcutoff

sizeof50kDa.(UF;TAMICo.)Above90℃ waschosenfor

heatingtemperatureforconcentrationofpullulan.

4-2-2.Results

Ceramic filtration membranes are of great interest in

separationtechnologybecauseoftheirhigherchemical,thermal

andmechanicalstabilitycomparedtoorganicmembranes.With

ceramicmembranesafiltrationathightemperature(upto50

0℃) and extreme pH-value (pH 1-14) is possible. The

membranescanbecleanedwithaggressivechemicals,organic

solvents orhotwatersteam [82].UF is gradually adopted

substituting filterpressforthefiltration ofthefermentation

broths.TheapplicationofUFmembranewithnarrow poresize
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not only can remove the solid biomass, but also can

substantivelyreduceemulsiontoimprovethesuccessivesolvent

extraction efficiency [83,84]. The optimal process for

concentration ofpullulan from supernatantafterremoving of

cellsbyafilterpresswastouseaceramicmembranewitha

molecularcutoffsizeof50kDatoremove materialsand

concentratepullulan(Table11).
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Table11.Concentrationofpullulanbyceramicultra-filtration

100L165802:40

90L165802:20

85L165802:10

75L165801:50

70L165801:30

65L165811:20

60L180801:10

50L219800:55

40L234800:40

35L255800:30

25L300800:20

15L450810:10

5L450800:00

SampleJ (l/h.m2)Temp.Time(min)

100L165802:40

90L165802:20

85L165802:10

75L165801:50

70L165801:30

65L165811:20

60L180801:10

50L219800:55

40L234800:40

35L255800:30

25L300800:20

15L450810:10

5L450800:00

SampleJ (l/h.m2)Temp.Time(min)

0

200

400

600

800

1000

0:
00

0:10 0:
20

0:
30

0:
40

0:55 1:10 1:
20

1:
30

1:50 2:10 2:
20

2:
40

Time
F
lu

x 
(l
/h

.m
2
)

l / h.㎡192.3AVERAGE FLUX

l120.0TOTAL VOLUMN

l100.0PERMEATE END VOLUMN

l20.0RETENTATE END VOLUMN

l / h.㎡192.3AVERAGE FLUX

l120.0TOTAL VOLUMN

l100.0PERMEATE END VOLUMN

l20.0RETENTATE END VOLUMN
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4-3.DevelopmentofProcessofFreezeDryerand

StructuralCharacterizationofPullulan

4-3-1.Method

Freeze-dryingrequirestheuseofaspecialmachinecalled

afreeze-dryer,whichhasalargechamberforfreezinganda

vacuum pumpforremoving moisture.Theproductisfrozen.

Thisprovidesanecessaryconditionforlow temperature(-70℃)

drying.platetemperaturewas20℃ for48hr.

Pullulan sample (powder) was determined FTIR.FTIR

spectrawererecordedwithaPerkin-Elmer1720spectrometer

overKBrpellets.Pullulan sample(2mg)waswellblended

manuallywith100mgofKBrpowder.Thismixturewasthen

desiccatedovernightat50℃ underreducedpressurepriorto

FTIP.Pullulan-JmadeinHayashibaraCORP.Pullulan-K made

inoursample.

4-3-2.Results

Theproductisfrozen.Thisprovidesanecessarycondition

forlow temperature(-70℃)drying.Platetemperaturewas20℃
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for48hr.Itsdryingratewas95%.

Among all these treatment, pullulan concentration and

molecularweighwascheckedTheresultshowedthatpullulan

concentrationandmolecularweightdecreaseddramaticallyafter

theremovingofcellsbyfilterpress,becausethelosswasthe

membranecombinationofacidicpolysaccharide(Fig.26).And

TheFTIRspectraofpullulansproducedinHayashibaraCORP.

(pullulan-J)and in made ours lab (pullulan-K)exhibited

similarfeatures(Fig.27,28).Thestrong absorption at3,380

cm-1indicatedthatallthepullulanshadsomerepeatingunitsof

-OH asinsugars.Theotherstrongabsorptionat2,300cm-1

indicatedthatasp3C-H bondofalkanecompoundsexistedin

allthesamples.

Basedoninstrumentalandenzymaticanalyses,thepullulan

producedbyA.pullulansHP-2001seemedtohavethesamebasic

structures,buttheratiosoftheirmonomericcomponentswerea

little different,which might have been the reason for the

productionofpullulanswithdifferentmolecularweights.
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33

Fig.26.Process for recovery ofpullulan produced by A.

pullulansHP-2001withtimeelapsed
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Fig.27.FTIR spectra ofpullulan produced by A.pullulans

HP-2001
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Fig.28.Flow diagram fordownstream processingofpullulan

Fermenter

30ton

Decoloration

5ton

Tank
(Cell)

Supernatant

25ton

Tank

M

25ton

Drum screen

Precipitation

6ton

P

M

Centrifugation Drying Milling Pullulan

EtOH

Tank

Filter Press

Ceramic

U/F

Fermenter

30ton

Decoloration

5ton

Tank
(Cell)

Supernatant

25ton

Tank

M

25ton

Drum screen

Precipitation

6ton

P

M

Centrifugation Drying Milling Pullulan

EtOH

Tank

Filter Press

Ceramic

U/F

Cake



-106-

IV.REFERENCES

1.Leathers,T.D.(2002).Pullulan.InE.J.Vandamme,S.De

Baets, & A. Steinbuchel (Eds.). Polysaccharides II:

Polysaccharidesfrom eukaryotes(Vol.6,pp.1.35).Weinheim:

Wiley-VCH.

2.Leathers,T.D.(2003).Biotechnologicalproduction and

applicationsofpullulan.AppliedMicrobiologyBiotechnology,62,

468.473.

3.Shingel,K.I.(2004).Currentknowledgeon biosynthesis,

biological activity, and chemical modification of the

exopolysaccharide,pullulan.CarbohydrateResearch,339,447.460.

4.Singh,R.S.,& Saini,G.K.(2008).Pullulan-hyperproducing

colorvariantstrain ofAureobasidium pullulans FB-1 newly

isolatedfrom phylloplaneofFicussp.BioresourceTechnology,

99,3896–3899.



-107-

5.LacroixC,LeDuyA,NoelG,ChoplinL(1985)EffectofpH

on thebatch fermentation ofpullulan from sucrosemedium.

BiotechnolBioeng27:202-207

6.RoukasT,BiliaderisCG(1995)Evaluationofcarobpodasa

substrateforpullulan productionby Aureobasidium pullulans.

ApplBiochem Biotechnol55:27-44

7.McNeilB,Kristiansen B (1990)Temperature effects on

polysaccharideformationbyAureobasidium pullulansinstirred

tanks.EnzymeMicrobilo.Tech.12:521-526

8. TaguchiR,KikuchiY,Sakano Y,KobayashiT (1973)

Structuraluniformityofpullulanproducedbyseveralstrainsof

Pullulariapullulans.AgricBiolChem 37:1583-1588

9.Oku,T.,Yamada,K.,& Hosoya,N.(1979).Effects of

pullulan and cellulose on the gastrointestinaltractofrats.

NutritionandFoodScience,32,235–241.

10.Yoneyama,M.,Okada,K.,Mandai,T.,Aga,H.,Sakai,S.,&



-108-

Ichikawa,T.(1990).Effects ofpullulan intake in humans.

DenpunKagaku,37,123.127.

11.Mitsuhashi,M.,Yoneyama,M.,& Sakai,S.(1990).Growth

promotingagentforbacteriacontainingpullulanwithorwithout

dextran.CanadianPatentOffice,Pat.No.2007270.

12.Sugawa-Katayama,Y.,Kondou,F.,Mandai,T.,& Yoneyama,

M.(1994).Effectsofpullulan,polydextroseandpectinoncecal

microflora.OyaToshituKagaku,41,413–418.

13.Hiji,Y.(1986).Methodforinhibitingincreaseinbloodsugar

content.USPatentOffice,Pat.No.4629725.

14.Hijiya,H.,& Shiosaka,M.(1975b).Process for the

preparationoffoodcontainingpullulanandamylose.USPatent

Office,Pat.No.3872228.

15.Kato,K.,& Shiosaka,M.(1975a).Food compositions

containing pullulan.US PatentOffice,Pat.No.3 875 308.



-109-

16.Yuen,S.(1974).Pullulan and its applications.Process

Biochemistry,9,7–9.

17.Tsujisaka,Y.,& Mitsuhashi,M.(1993).Pullulan.InR.L.

Whistler & J. N. BeMiller (Eds.), Industrial gums,

polysaccharidesandtheirderivatives(pp.447–460).SanDiego,

CA:AcademicPress.

18.Miyaka,T.(1979).Shapedmattersoftobaccosandprocess

forpreparingthesame.CanadianPatentOffice,Pat.No.1049

245.

19.Matsunaga,H.,Fujimura,S.,Namioka,H.,Tsuji,K.,&

Watanabe,M.(1977a).Fertilizercomposition.USPatentOffice,

Pat.No.4045204.

20.Krochta,J.M.,& DeMulder-Johnston,C.(1997).Edibleand

biodegradablepolymerfilms:Challengesandopportunities.Food

Technology,51,61.74.

21.Yamaguchi,S.,& Sunamoto,J.(1991).Fatty emulsion



-110-

stabilizedbyapolysaccharidederivative.USPatentOffice,Pat.

No.4997819.

22.Wolf,B.W.(2005).Useofpullulanasaslowlydigested

carbohydrate.USPatentOffice,Pat.No.6916796.

23.Ram S.Singha,GaganpreetK.Sainia,JohnF.Kennedy

bCarbohydratePolymers73(2008)515–531

24.Hijiya,H.,& Shiosaka,M.1975a.Adhesivesandpastes.

USPatentOffice,Pat.No.3873333.

25.Childers,R.F.,Oren,P.L.,& Seidler,W.M.K.1991.

Film coatingformulations.USPatentOffice,Pat.No.5015480.

26.Izutsu,Y.,Sogo,K.,Okamoto,S.,& Tanaka,T.1987.

Pullulan and sugar coated pharmaceuticalcomposition.US

PatentOffice,Pat.No.4650666.

27.Miyamoto,Y.,Goto,H.,Sato,H.,Okano,H.,& IIjima,M.

1986.Processforsugar-coating solid preparation.US Patent



-111-

Office,Pat.No.4610891.

28.Anonymous.2001.PressRelease,Hayashibarainworldwide

licenseandsupplyagreementwithPfizerusingpullulanfororal

use.Available<http://www.hayashibara.co.jp/eng/contents_hn.htmL>.

29. Scott, R., Cade, D., & He, X. 2005. Pullulan film

compositions.USPatentOffice,Pat.No.6887307.

30.Mitsuhashi,M.,& Koyama,S.1987.Process for the

productionofvirusvaccine.USPatentOffice,Pat.No.4659

569.

31.Yamaguchi,R.,Iwai,H.,Otsuka,Y.,Yamamoto,S.,Ueda,

K.,Usui,M.,etal.1985.Conjugation ofSendaiviruswith

pullulan and immunopotency of the conjugated virus.

MicrobiologyandImmunology,29,163–168.

32.Sunamoto,J.,Sato,T.,Hirota,M.,Fukushima,K.,Hiratani,

K.,& Hara,K.1987.A newlydevelopedimmunoliposome.An

eggphosphatidylcholineliposomecoatedwithpullulanbearing



-112-

bothacholesterolmoietyandanIgMsfragment.Biochimicaet

BiophysicaActa,898,323.330.

32.Takada,M.,Yuzuriha,T.,Katayama,K.,Iwamoto,K.,&

Sunamoto,J.1984.Increasedlunguptakeofliposomescoated

with polysaccharides. Biochimica et Biophysica Acta,802,

237–244.

33.Igarashi,T.,Nomura,K.,Naito,K.,& Yoshida,M.1983.

Plasmaextenders.USPatentOffice,Pat.No.4370472.

34.Kulicke,W.-M.,& Heinze,T.2006.Improvements in

polysaccharides for use as blood plasma expanders.

MacromolecularSymposia,231,47.59.

35.Seibutsu,H.,& Kenkyujo,M.1983.UK PatentOffice,Pat.

No.GB2109391.

36.Nakashio,S.,Tsuji,K.,Toyota,N.,& Fujita,F.1976b.

Novelcosmeticscontainingpullulan.USPatentOffice,Pat.No.

3972997.



-113-

37.Zajic,J.E.1967.Processforpreparing apolysaccharide

flocculatingagent.USPatentOffice,Pat.No.3320136.

38.Zajic,J.E.,& LeDuy,A.1973.Flocculantand chemical

propertiesofapolysaccharidefrom Pullulariapullulans.Applied

Microbiology,25,628–635.

39.Nakashio,S.,Sekine,N.,Toyota,N.,Fujita,F.,& Domoto,

M.1976a.Papercoatingmaterialcontainingpullulan.USPatent

Office,Pat.No.3932192.

40.Nomura,T.1976.Papercomposedmainlyofpullulanfibers

andmethodforproducingthesame.USPatentOffice,Pat.No.

3936347.

41.Nakashio,S.,Sekine,N.,Toyota,N.,& Fujita,F.(975a.

Paintcontainingpullulan.USPatentOffice,Pat.No.3888809.

42.Sano,T.,Uemura,Y.,& Furuta,A.(1976).Photosensitive

resin composition containing pullulan or esters thereof.US

PatentOffice.Pat.No.3960685.



-114-

43.Sasago,M.,Endo,M.,Takeyama,K.,& Nomura,N.1988.

Watersolublephotopolymerandmethodofformingpatternby

use ofthe same.US PatentOffice,Pat.No.4 745 042.

44.Shimizu,T.,Moriwaki,M.,& Shimoma,W.1983.Condenser.

JapanesePatentOffice,Pat.No.58098909.

45.Tsukada,N.,Hagihara,K.,Tsuji,K.,Fujimoto,M.,&

Nagase,T.1978.Protectivecoating materialforlithographic

printingplate.USPatentOffice,Pat.No.4095525.

46.Vermeersch,J.T.,Coppens,P.J.,Hauquier,G.I.&

Schacht,E.H.1995.Litghographicbasewithamodifieddextran

ofpullulanhydrophobiclayer.USPatentOffice,Pat.No.5402

725.

47.Nagase,T.,Tsuji,K.,Fujimoto,M.,& Masuko,F.1979.

Cross-linkedpullulan.US PatentOfiice,Pat.No.4152170.

48.Motozato,Y.,Ihara,H.,Tomoda,T.,& Hirayama,C.1986.

Preparation and gelpermeation chromatographicpropertiesof



-115-

pullulanspheres.JournalofChromatography,355,434–437.

49.Hirohara,H.,Nabeshima,S.,Fujimoto,M.,& Nagase,T.

1981.Enzyme immobilization with pullulan gel.US Patent

Office,Pat.No.4247642.

50.PollockTJ,ThorneL,ArmentroutRW.1992.Isolationofnew

Aureobasidiumstrainsthatproducehighmolecular-weightpullulan

withreducedpigmentation.ApplEnvironMicrobiol58:877-883

51.WileyBJ,BallDH,ArcidiaconoSM,SousaS,MayerJM,

KaplanDL.1993.Controlofmolecularweightdistributionofthe

biopolymerpullulan producedby Aureobasidium pullulans.J

EnvironPolym Degras1:3-9

52.ShinYC,ByunSM.1991.EffectofpH ontheelaborationof

pullulanandthemorphologyofAureobasidium pullulans.KorJ

ApplMicrobiolBiotechnol19:193-199



-116-

53.ZajicJE,LeDuyA.1973.Flocculantandchemicalproperties

ofa polysaccharidefrom Pullulariapullulans.ApplMicrobiol

25:628-635

54.Ueda S,Fusita K,Komatsu K,Nakashima Z.1963.

PolysaccharideproducedbythegenusPullularia.ApplMicrobiol

11:211-215

55.DuboisM,GillesKA,HamiltonJK,RebersPA,SmithF.

1956.Colorimetric method for determination of sugars and

relatedsubstances.AnalChem 28:350-356

56.MillerGL.1959.Useofdinitrosalicylicacid reagentfor

determinationofreducingsugar.AnalChem 31:426-428

57.Seo,H.P. Studies on the production ofpullulan by

Aureobasidium pullulans.Busan;Dong-Auniv.Press2003.

58.JungDY,ChoYS,ChungCH,ChungDI,Jung,Kim K,Lee

JW.2001.Improved production forcurdlan with concentrated

cellsofAgrobacterium sp.BiotechnolBioprocEng6:107-111



-117-

59.SharmilaM,RamanandK,SerhunathanN.1989.Effectof

yeast extract on the degradation of organophosphorous

insecticidesby soilenrichmentand bacterialcultures.Can J

Microbiol35:1105-1110

60.Shen CF,Kosaric N,Blaszczyk R.1993.Properties of

anaerobicgranularsludgeasaffectedbyyeastextract,cobalt

andironsupplements.ApplMicrobiolBiotechnol39:132-137

61.ArmenantePM,FavaF,KafkewitzD.1995.Effectofyeast

extracton growth kinetics during aerobic biodegradation of

chlorobenzoicacids.BiotechnolBioeng47:227-283

62.KadowakiS,Takegawa K,Yamamoto K,KumagaiH,

Tochikura T.1988. Effect of yeast extract on endo-N-

acetylglucosaminidaseproductionbyaFlavobacterium sp.Agric

BiolChem 52:2105-2106

63.AeschlimannA,vonStockarU.1990.Theeffectofyeast

extractsupplementationontheproductionoflacticacidfrom

whey permeate by Lactobacillus helveticus.ApplMicrobiol



-118-

Biotechnol32:398-402

64.OnoK,YasudaN,UedaS.1977.EffectofpH onpullulan

elaborationbyAureobasidium pullulansS-1.AgricBiolChem

41:2113-2118

65.LacroixC,LeDuyA,NoelG,ChoplinL.1985.EffectofpH

on thebatch fermentation ofpullulan from sucrosemedium.

BiotechnolBioeng27:202-207

67.Chaplin,M.1982A rapidandsensitivemethodsforthe

analysisofcarbohydratecomponentsinglycoproteinsusinggas

chromatography.AnalBiochem 123:336-341

68.LeeJW,YeomansWG,AllenAL,GrossRA,KaplanDL.

1999.Biosynthesis ofnovelexopolymers by Aureobasidium

pullulans.

69.YamashitaM,KinoshitaT,IharaM,MikawaT,MurookaY.

1994. Random mutagenesis of pullulanase from Klebsiella



-119-

aerogenesforstudiesofthestructureandfunctionofenzyme.J

Biochem 116:1223-1240

70.KochR,CanganellaF,HippeH,JahnkeKD,AntranikianG.

1997.Purificationandpropertiesofathermostablepullulanasefrom

a newly isolated thermophilic anaerobic bacterium,

Fervidobacterium pennavrans Ven5. Appl Environ Microbiol

63:1088-1094

71.LeathersTD.1993.Substrateregulation and specificity of

amylases from Aureobasidium strain NRRL Y-12,974.FEMS

MicrobiolLett110:217-222

72.McNeilB,Kristiansen B (1990)Temperature effects on

polysaccharideformationbyAureobasidium pullulansinstirred

tanks.EnzymeMicrobiol.Tech.12:521–526.

73.Badr-Eldin SM,El-Tayeb OM,El-Masry EG,Mohamad

OA,El-Rahman OAA (1994) Polysaccharide production by



-120-

Aureobasidium pullulans: factors affecting polysaccharide

formation.WorldJ.Microbiol.Biotechnol.10:423-426.

74.Kim JH,Kim MR,Lee JH,Lee JW,Kim SK (2000)

ProductionofhighmolecularweightpullulanbyAureobasidium

pullulansusingglucosamine.Biotechnol.Lett.22:987-990.

75.CatleyBJ,WhelanWJ(1971)Observationsonthestructure

ofpullulan.Arch.Biochem.Biophys.143:138-142.

76.ShuCH.LungMY(2004)EffectofpH ontheproduction

and molecular weight distribution of exopolysaccharide by

Antrodiacamphoratain batch cultures.ProcessBiochem.39;

931-937

77. Bendich,A.,Machlin,L.J.,Scandurra,O.,Barton,G.W.,

& Wayner,D.D.M.1986.TheantioxidantroleofvitaminC.

AdvancesinFreeRadicalBiologyandMedicine,2,419-444.

78.SlodkiME,Cadmus MC.1978.Production ofmicrobial



-121-

polysaccharide.AdvApplMicrobiol23:19-54

79.srailiesC,ScanlonB,SmithA,HardingSE,JumelK.1994.

Characterization of pullulans from agro-industrial wastes.

CarbohydrPolym 25:203-209

80.Kim JH,Kim MR,LeeJH,LeeJW,Kim SK.2000.Production

ofhigh molecularweightpullulan by Aureobasidium pullulans

usingglucosamine.BiotechnolLett22:987-990

81.LeeJH,Kim JH,ZhuIH,ZhanXB,LeeJW,ShinDH,KimSK

.2001.Optimizationofconditionsfortheproductionofpullulanand

high molecular weight pullulan by Aureobasidium pullulans.

BiotechnolLett23:817-820

82.S.Benfer,U.Popp,H.Richter,C.Siewert,G.Tomandl(2001).

Development and characterization of ceramic nanofiltration

membranes.SeparationandPurificationTechnology22-23(2001)



-122-

231-237

83.A.M.Brites Alves,A.Morao,J.P.Cardoso,Isolation of

antibioticsfrom industrialfermentation brothsusing membrane

technology,Desalination148(2002)181.186.

84.S.Z.Li,X.Y.Li,Z.F.Cui,D.Z.Wang,Applicationof

ultrafiltrationtoimprovetheextractionofantibiotics,Sep.Purif.

Technol.34(2004)115.123.



-123-

Thanksto

직장생활과 학업을 동시에 수행하며 지금까지 여러 면에서 부족한 저

에게 포기하지 않고 무사히 박사과정까지 마칠 수 있었던 것은 많은 분

들의 도움 덕분이었습니다.저에게 학문의 기초를 다져주시고 실험에 세

심한 지도를 해주신 김성구 교수님과 오늘의 저를 있게 해주신 이진우

교수님,두 분의 자상하신 보살핌과 은혜에 진심으로 감사 드리며,논문

심사를 위하여 조언을 아끼지 않으신 남수완 교수님,조영배 박사님과

김종명 교수님,항상 저를 지켜봐주시고 염려해 주셨던 신명교 박사님께

도 깊은 감사의 마음을 드립니다.더불어,항상 격려와 관심을 아끼지 않

으신 (주)퓨어테크이엔지 이현수 사장님,(주)에이치에스텍 조백수 사장

님,코바이오텍(주)조영찬 이사님,(주)현승 이현환 사장님,(주)새롬바

이오 배송환 사장님과 기장물산(주)김양춘 사장님께도 깊이 감사드립니

다.

뒤늦게 박사를 진학하면서 용기와 격려를 아끼지 않았던 서형필박사,

이남규박사,진혁박사 그리고 형님같은 황희선 사장님의 깊은 우정에 감

사드리고 우리회사의 대표이자 파트너인 손창우 박사에겐 그동안 진학을

위해 배려해준 모든 일들에 감사의 말씀을 드리고 싶습니다.또한 부족

한 선배를 도와주느라 고생해준 이유정 박사,보경,정무,실험실 채훈,

미란,승준,지숙,석주에게도 감사의 말을 전하고 싶습니다.그밖에 열심

히 산업현장에서 혹은 연구에 임하고 있는 저를 아는 선후배님들에게도

감사의 마음을 전합니다.항상 바쁘다는 핑계로 자주 보지 못했던 친구

들과 동아리 선후배님들에게도 미안하다는 말과 함께 감사의 뜻을 전하
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고 싶습니다.

그동안의 학교생활을 지켜보시면서 속으로 애타하시며 항상 걱정하셨

고,언제나 저를 믿어주시던 아버님,어머님,그리고 형제들께 지면을 통

해서 나마 평소에 하지 못했던 감사의 마음을 전하고 싶습니다.사위를

친자식처럼 걱정해주시던 장모님께도 마음속 깊이 감사드립니다.마지막

으로 언제나 정성어린 격려와 보살핌,인내로써 지켜봐준 아내 영아와

사랑하는 아들 재민과도 이 기쁨을 나누고 싶습니다.

2010년 1월 정 대영
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